From Screening to Success

Navigating the Vapor Intrusion Pathway at Brownfield Sites

Trey G. Noland, P.G.
Terracon Consultants
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ASTM E1527-13 (Phase | ESA)

» References vapor specifically (the -05 standard did not).

« “3.2.56 migrate/migration — for the purposes of this practice, migrate
and migration refers to the movement of hazardous substances or
petroleum products in any form, including, for example, solid and liquid
at the surface or subsurface, and vapor in the subsurface.”

ASTM E2600-15 (Vapor Encroachment Screening)

« Tier | and Tier Il screening processes.

« “X1.6 ...vapor encroachment is the potential for migration of
vapor contaminants onto (or through the subsurface of) the
target property. Vapor encroachment is a separate and distinct
concept from vapor intrusion. Vapor intrusion evaluates

potential exposure risks to persons with a building

resulting from vapor migration into structures.”




Encroachment vs. Intrusion
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EPA June 2015 OSWER Guidance

= Focused on VI pathway in
general and geared
toward evaluation of non-
petroleum hydrocarbon
VOCS s
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= Replaces draft 2002
guidance (essentially a ———
new document)




Primary Takeaways on EPA OSWER Guidance

= Emphasis on
— Site characterization (Conceptual Site Model)
— Multiple lines of evidence
— Site data — not sole reliance on models

= Default attenuation factor (a) for soil gas to indoor air
modified from 0.1 to 0.03.

= Sub-slab sampling preferred if buildings present.

= “Near-source” sampling depth recommended for exterior
soll gas or if no buildings present.

= Recommendation to use EPA VISLs/RSLs over
occupational criteria (i.e., PELs or TLVS) In
non-residential settings.
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Section 7.4.3 Occupational Exposure Limits

“Permissible exposure limits (PELs)...were intended to protect workers
against catastrophic effects (such as cardiovascular, liver, kidney, and
lung damage), as well as more subtle effects (such as narcosis, central
liver system damage, and sensory irritation). PELs (and TLVs), however,
are not intended to protect sensitive workers, may not incorporate the
most recent toxicological data, and may differ from EPA derivations of
toxicity values with respect to weight-of-evidence considerations and use
of uncertainty factors. For these and other reasons, EPA does not
recommend using OSHA'’s PELs (or TLVs) for purposes of assessing
human health risk posed to workers by the vapor intrusion pathway
or supporting final “no-further-action” determinations for vapor
Intrusion arising in nonresidential buildings.”
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Why Is this important?

« Screening process may eventually lead to an indoor air quality (IAQ)
study.

, Sub-slab or
Soil and Near-source ,
Groundv_vater Vapor Indoor Air
Sampling Sampling

 Industrial hygienists often do not utilize EPA RSLs when evaluating
results of an IAQ study.

 |If vapor intrusion is a suspected pathway at the site and can not be
ruled out by other methods, then IAQ results should be compared to
EPA RSLs for industrial alir.

 Indoor air quality studies are often recommended as a last resort
when evaluating VI due to difficulty in distinguishing the source of
the contamination.




EPA OUST Guidance

= Alternative screening

SEPAZE e .
approach for petroleum UST
S i teS ' Technical Guide For Addressing
= Based on research indicating st e e

reduced Petroleum Vapor
ntrusion (PVI) risk due to S
pioattenuation of petroleum
nydrocarbons in soil gas.

= More prescriptive than
OSWER document.

= Generally similar to ITRC PVI
Guidance (October 2014).
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Petroleum VI vs. Chlorinated VI
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Figure 1. Typical petroleum hydrocarbon
transport conceptual scenario

Aerobic biodegradation of PHCs along the perimeter
of the vapor and dissolved plumes limits subsurface
contaminant spreading. Effective oxygen transport
(dashed arrows) maintains aerobic conditions in the
biodegradation zone. Petroleum LNAPL (light
nonaqueous phase liquid) collects at the groundwater
surface (the water table, blue triangle).
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Figure 2. Typical chlorinated solvent
transport conceptual scenario

Biodegradation of CHCs is anaerobic and usually
slower than PHC biodegradation, so that the vapor
and dissolved plumes often migrate farther than
PHC plumes. CHC DNAPL (dense nonaqueous-
phase liquid), if present, can sink below the water

table, collecting in this case on a less penetrable
layer.




EPA OUST Guidance — Primary
Takeaways

= Introduction of Vertical Separation Distances

= Emphasis on
— Site characterization (Conceptual Site Model)
— Precluding factors
— Lateral inclusion

LNAPL (including
smear zone/Residual-
and Free-Phase)

Saturated Zone

| GROUNDWATERFLOW >




EPA OUST Guidance

= | ateral inclusion

— Lateral separation distance considered site-specific (no reference to 30-ft
default mentioned in ITRC PVI Guidance)

Lateral Separation
Clean Monitoring P Distance

Point \c

Vadose Zone

Residual- or Free-Phase LNAPL

Dissolved-Phase

Saturated Zone




EPA OUST Guidance

= Vertical Separation Distances

Table 3. Recommended Vertical Separation Distance Between Contamination And Building
Basement Floor, Foundation, Or Crawlspace Surface.

Vertical
Media Benzene TPH Separation
Distance (feet)*

<100 (unweathered gasoline), or
<10 ) . 6
Soil < 250 (weathered gasoline, diesel)
m
(me/Ke) 510 (LNAPL) > 100 (unweathered gasoline) 15
>250 (weathered gasoline, diesel)
<5 <30 6
Groundwater
(mg/L)
>5 (LNAPL) >30 (LNAPL) 15

*The vertical separation distance represents the thickness of clean, biologically active soil between
the source of PHC vapors (LNAPL, residual LNAPL, or dissalved PHCs) and the lowest (deepest) point
of a receptor (building basement floor, foundation, or crawlspace surface).
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= Vertical
Separation
Distances

(a) Vertical separation distance for dissolved-phase source of PHCs.

Vadose Zone

Residual- or Free-
Phase LNAPL water Y
Table =

Dissolved-Phase

Saturated Zone

(b) Vertical separation distance for LNAPL (residual or mobile phase) source of PHCs.




EPA OUST Guidance

= “Clean, Biologically-Active Soil” defined in
Section 9 of guidance

= EPA’s Recommendation

Recommendation

Based on EPA (2013a), clean, biologically active soil does not contain LNAPL, EPA recommends
LNAPL thresholds of 100 mg/Kg TPH (fresh gasoline) and 250 mg/Kg TPH (weathered gasoline
and diesel). Except for the geological materials identified in Special Considerations, most soils
contain indigenous microorganisms, sufficient oxygen, and adequate soil moisture necessary
for degrading PHC vapors. Thus, it is typically not necessary to run microcosm studies or plate
counts to test for microbial presence. However, if the conditions at the site are uncertain for
supporting aerobic biodegradation, EPA recommends that appropriate samples be collected
and analyzed to verify conditions at the site.




Conceptual Site Model

Understanding a Complex Pathway

* Preferential pathways —

||||||||
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* Environmental effects ~
« Soil moisture
« Barometric pressure
* Temperature
« Contaminant migration
 Building effects
« HVAC variations
 Advection =
« Seasonal variability
« Get empirical data!
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Investigation Considerations

= Sampling Depths

— Sub-slab recommended if subject building is
present.

— “Near-source” depths for exterior soil gas or if
buildings not present.

— Consider bioattenuation for PVI — possible bias
toward shallower sample depths (usually no less
than 3 ft-bgs).

— Mixed petroleum and chlorinated sources —
consider nested probes with different depths
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Use the VISL? Fo shizzle!

o EPA Espafiol : | Téngviet | @=20f
N
A\ Y4 US Environmental Protection Agency

Learn the Issues Science & Technology Laws & Regulations About EPA _ CY

Vapor Intrusion ContactUs  Share

Related Information
Vapor intrusion occurs when volatile chemicals migrate from " + Vapor Intrusion Info tonfor
contaminated groundwater or soil into an overlying building in ways - > = o CantimatorsiZt
similar to that of radon gas seeping into homes. o CLU-IN =2

Learn About Technical
Vapor Intrusion Information

e What is Vapor Intrusion? e Technical Resources e Assessing and Mitigating the Vapor

@ Vapor Intrusion at Superfund Sites e Vapor Intrusion Database ‘niision Pathiiay 10m Subsumate Vl S L Cal C u |at0r | I n k

Va) (June
2015)

* Addressing Petroleum Vapor Intrusion
At Leaking Underground Storage Tank
Sites (June 2015)

o All Publications

® Vapor Intrusion Screening Level
(VISL) Calculator (XLSM) (14 pp, 1 MB)

Contact Us to ask a question, provide feedback, or report a problem.

EPAHome | Privacy and Security Notice | Accessibility
Last updated on January 20, 2016

More social media at EPA »

https://www.epa.gov/vaporintrusion
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OSWER VAPOR INTRUSION ASSESSMENT

1
2 Vapor Intru: . 5
3 = - - )
4 Select target cancer risk (1x10~ or arg azaro
5
6 '6 a
7 1x10°) quo 0 or O
8
9 Parameter Symbol N Valyf Instructions
10 Exposure Scenario Scenario "N\ Residential // |Select residential or commercial scenario from pull down list
11 Target Risk for Carcinogens TCR % 100E06/  |Entertarget risk for carcinogens
12 Target Hazard Quotient for Non-Carcinogens THQ 1 ¥ Enter target hazard quotient for non-carcinogens
13 Average Groundwater Temperature (°C) Tgw 25 Enter average of the stabilized groundwater temperature to correct Henry's Law
14
Is Chemical
Is Chemical Sufficiently Volatile Target Sub-
¢ 0 . . Sufficiently Volatile | and Toxic to Pose Slab and
View All Chemicals
Do::ﬁtr:‘i:::?gl‘i:;‘iﬁ:;;he in:;::i::i:;(li[:‘.?tlyh:;:a" and Toxic to Pose Inhalation Risk Via Exterior Soil | Target Ground
View Checked Chemicals ) ) Inhalation Risk Via | Vapor Intrusion from | Target Indoor Air Gas Conc. @ (Water Conc. @ Is Target
Vapor Intrusion from Groundwater Conc. @ TCR = | Toxicity | TCR = 1E-06 or| TCR = 1E-06 or| Ground Wat
15 Soil Source? Source? 1E-06 or THQ =1 Basis THQ=1 THQ=1 Conc. < MCL
16 [~ hd A (HLC=1E-50r VP=1) |~ (IUR and/or RfC) ~| Cvp > Ciafarget? - Chc > Cia target? | ~ [ MIN(Cia,c;Cia,ni ~ - Csg - Cgw | Cgw=MCL%
Yes/No
17 CAS Chemical Name Yes/No Yes/No Yes/No Yes/No {ugim®) CINC {ugim®) {ug/L) (MCL ug/L)|
18 83-32-9 Acenaphthene Yes No No Inhal. Tox. Info No Inhal. Tox. Info
19| x [30560-19-1 Acephate No No No (not volatile) No (not volatile)
20 75-07-0 Acetaldehyde Yes Yes Yes Yes 1.3E+00 4 3E+01 4.7p+02 -
21 34256-82-1 Acetachlor No No . / ﬁ/
2| [67641 Acelone Yes Yes T t S b_ | b S | T1E<06 3E+07 -
23 75-86-5 Acetone Cyanohydrin No Yes arg e u S a O r O I y
24 75-05-8 Acetonitrile Yes Yes . 2.1E+03 4.4E+04 -
25 98-86-2 Acetophenone Yes No t t
26 53-96-3 Acetylaminofluorene, 2- No Yes g aS CO n Ce n ra I 0 n y4
27 107-02-8 Acrolein Yes Yes = ?.0}01 4.2E+00 -
28 79-06-1 Acrylamide No Yes No (not volatile) Mo (not volatile)
29 79-10-7 Acrylic Acid Yes Yes Yes Yes 1.0E+00 NC A5E+01 6.9E+04 -
30 107-13-1 Acrylonitrile Yes Yes Yes Yes 4.1E-02 C / 1.4E+00 7.3E+00 -
31 111-69-3 Adiponitrile No Yes No (not volatile) No (not volatile)
Navigation Guide VISL | SG_IA calc GW_IA_calc 1A risk_calc | Chem Props Tox Summary Parameters Summary Version Notes

Target Groundwater
Concentration

Target sub-slab or soil gas concentration is just the EPA RSL with the
applied attenuation factor of 0.03.
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Vapor Intrusion Mitigation

= When to mitigate?

* “Visqueen & Duct Tape — The DIY
Approach to VI Mitigation”




Vapor Intrusion Mitigation

= When should you mitigate?

— When data indicates
unacceptable vapor intrusion
risk

» Screening level or risk-based
concentration exceedences

— If there Is uncertainty and
preemptive mitigation is more
cost- and schedule-effective
than intensive investigation
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Common Mitigation Options

= New Construction

— Spray-applied vapor membrane (e.g. Geoseal®, Liquid
Boot®)

« Recommended for moderate to high risk sites and chlorinated
solvent sites

» Certified installation

— Sheet membrane (e.g. Vapor Block 20 Plus®)
« Often reserved for use on low-risk petroleum hydrocarbon sites

« Ensure product has testing to support resistance to VOCs (most
membrane barriers do not)

« Difficult to ensure that proper sealing of seams and utility
penetrations is conducted (no certified installation available)
— Passive or Active Venting
« Typically utilized in conjunction with barriers
 Active generally reserved for higher-risk sites




Common Mitigation Options

= Existing Buildings
— Sub-slab depressurization (SSD)

« Similar to typical radon systems

« Most-common approach for existing
structures

* Involves pilot testing and pre-installation
diagnostics

* Involves long-term O&M costs
— Retro-Coat ®
— Spray-applied membrane with new slab

— Sealing of cracks/penetrations

 Effective but generally not accepted as sole
method of mitigation for existing structures

— Positive building pressurization

- Effective but generally not accepted as sole <l S~
method of mitigation for existing structures X 1I'erracon




Contact Info

Trey G. Noland, PG
Group Manager, Site Investigations / Brownfields

Terracon

110 12t Street N I Birmingham, AL 35203
P (205) 942-1289 | F (205) 443-5302 1 M (205) 441-5005
wagnoland@terracon.com | www.terracon.com
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